Abstract. Using model atmospheres, quantum efficiency and transmission curves, we compute expected values for amplitudes of DAV, DBV and DOV stellar models as measured through different detectors and/or filter combinations. We conclude that choosing the wrong detector may lead to amplitudes lower by 20 % than those measured by phototubes. The correct choice of CCD + filter may reduce this problem down to a difference of 6 %.
INTRODUCTION
In this paper we analyze the color effects of mixing CCD high speed photometry data with PMT high speed photometry. Discussion on the advantages and disadvantages of CCD systems over PMT systems are discussed in our another paper in these proceedings (O'Donoghue et al. 2000) . To minimize color differences between a CCD detector and a PMT, we decided to make some experiments with filters.
The main reasons for using a filter with a CCD are: -to make its QE curve more similar to a PMT; -to make the QE curves of different CCDs more similar to each other; -to minimize the differential extinction effects between a blue target and redder comparison stars (particularly important when we are interested in longer periods -Ρ > 20 minutes); -to optimize flat field correction.
The main goal of this paper is to answer the question: "how different will the amplitudes measured by a CCD system be compared to a PMT system?".
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Fig. 1. The spectra used to measure the synthetic amplitudes. Only one spectrum for each instability strip is shown to avoid uninformative clutter in the plots.
To answer this question we assume perfect PMT and CCD data and only analyze the color effects of different quantum efficiency (it QE) curves.
THE METHOD
We have computed pulsational amplitudes for DAV and DBV stars using Koester (Finley, Koester & Barry 1997 ) model atmospheres and for DOV stars using Dreizler model atmospheres (Dreizler &; Heber 1998) . The spectra of the model atmospheres used are shown in Fig. 1 . Only one spectrum at the middle of the instability strip is shown for each strip because the variation in flux from one spectrum to the next is too small to convey any useful information.
In Fig. 2 we show the QE curves of a Hamamatsu R647 phototube, the standard ones used on Whole Earth Telescope (WET) photometers, an anti reflection-coated, thinned, back-illuminated EEV CCD (Wright Instruments, EEV CCD02-06-1-206, hereafter named TBI), an anti reflection-coated, thinned, back-illuminated SITE CCD (SI003AB, hereafter named TBI2) and a thick front illuminated CCD (Wright Instruments, EEV P8603A hereafter named FI).
As the TBI chip is the best for our purposes (highest QE in the blue), we also show its efficiency curve when illuminated through CuS0 4 and BG39 2mm filters. The combinations CCD + CuS0 4 and CCD + BG39 2mm have a red cutoff very similar to the Hamamatsu R647 at around 7000 Ä. However, the shape of these QE curves is quite different with the phototube being flat and high from the atmospheric cutoff at 3200 A to 4500 Ä and then falling off to zero at 7000 Ä. The CCD curve on the other hand climbs up from 3200 Ä till around 4000 Ä and starts to fall off at around 5500 A due to the filter. What effect these differences will have on the measured amplitudes is what we want to compute. 
THE COMPUTED AMPLITUDES
To compute synthetic pulsational amplitudes for each filter / detector combination we computed the convolution between the stellar model and the throughput curve of the filter -I-detector combination for three temperatures centered around the center of each instability strip. So, for the DAV strip we did for instance:
where the symbol * stands for convolution.
THE RESULTS
The following table presents the results of integrating the amount of light detected by each combination, detector 4-filter. Column 1 identifies which detector/filter combination was used. Columns 2, 3 and 5 show the total flux detected by this combination (result of the convolution of the model atmospheres with the detector/filter bandpass) for each of the three temperatures used in each instability strip.
Column 4 shows the ratio of detected photons for each CCD/filter relative to the number of photons detected by the PMT.
Column 6 shows the computed amplitude = (Col5 -Col2) / Col3.
Column 7 shows the percentage difference between the amplitude measured by each CCD/filter relative to the PMT.
Analyzing the results we first notice how the TBI chip is best in detecting photons compared to any other detectors. Second, the TBI chip is the one which produces amplitudes closest to those measured by the Hamamatsu phototubes.
It is also important to note that the computed amplitude differences are largest for DAV stars and smallest for DOV stars. The reason for that is that as we move from DAV to DBV and then to DOV, we are moving towards hotter stars and therefore the part of their spectra in the visible is getting flatter and flatter. The difference in measured amplitude from detector to detector will be largest for those stars whose spectra change the most in shape over a pulsation cycle. These stars are in our case the DAVs, followed by the DBVs with the DOVs last.
REALITY CHECK
Using the "standard data set" (see O'Donoghue et al. 2000) we compared the amplitudes measured using PMT and CCD (unfiltered TBI CCD -exactly the same one whose QE curve we used in our computations) data on the pulsating DAV BPM 37093. Fig. 3 shows the Fourier transform in the region where most power is concentrated.
As we can see from the plot, the PMT amplitudes are actually larger than the CCD amplitudes by somewhere around 10-20%. Using the model atmospheres we calculated that the CCD amplitudes (using no filter) would be 12% smaller than the PMT amplitudes. This is in very good agreement with the observed values.
CONCLUSIONS
Based purely on a criterion of measured amplitudes we can discard the need of filters for DOV stars. For the DAV and DBV stars not using a filter we will have amplitudes which are at least 10 % lower than what would be measured with a PMT. By using a CUSO4 filter this difference is reduced to about 5-6%. This is less than our current uncertainties in measured amplitudes (10%), however, it is a systematic effect and can be actually seen in real data. Fig. 3 . Fourier transforms of the CCD and PMT data sets. The data were taken simultaneously during XCOV16 at SAAO. The PMT data were taken with the 1.9 m telescope. The CCD data were taken with the TBI CCD using no filter.
Discussing the other benefits of using filters is beyond the scope of this paper, especially given the fact that the authors do not agree on that issue. Readers should be ready for some interesting discussions in the next WET meeting where the authors will be holding on to their positions.
